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Abstract
Background: Widespread deaths of wild birds from which highly pathogenic avian influenza virus
H5N1 has been isolated suggest that the virus continues to be lethal to them. However,
asymptomatic carriage by some wild birds could allow birds to spread the virus on migration.
Confirmation of such carriage is therefore important for the design of mitigation measures for the
disease in poultry.
Discussion: Two recent papers have reported the isolation of H5N1 from a small number of
water birds in China and Russia and have concluded that wild birds can spread the viruses over long
distances on migration. However, both papers contain weaknesses in the provision of
ornithological and associated data that compromise conclusions that can be reached about the role
of wild birds in the spread of H5N1. We describe the weaknesses of these studies and highlight the
need for improved methodological description and methodology, where appropriate, and further
research.
Summary: A rigorous assessment of whether wild birds can carry H5N1 asymptomatically is
critical to evaluating the risks of spread by migratory birds on long-distance migration.
Background
Infected dead or sick wild birds have occasionally been
found since the beginning of the current outbreak of
highly pathogenic avian influenza (HPAI) H5N1 in
southern China, in 1997. In 2005, however, a large
number of migrant aquatic birds died at Lake Qinghai in
north-western China, and were found to be infected with
HPAI H5N1 [1-3]. Since then, dead or sick water birds,
and some other species, have been recorded more fre-
quently in Asia and Europe. This has led to the notion that
migrating wild birds could have spread the virus from east
Asia, across southern Siberia, and into Europe and Africa
in 2005 and 2006 [4]. A key question relating to this
hypothesis is whether some wild birds are infected with
HPAI H5N1 asymptomatically. If some infected wild
birds show few symptoms and are not incapacitated, they
may be able to fly long distances while shedding the virus
and contribute significantly to the global spread of H5N1
during the autumn or spring migration. This has obvious
implications for the emphasis of H5N1 mitigation meas-
ures or risk analysis.
Asymptomatic infection with Asian lineage HPAI H5N1
has been reported in several species of experimentally
infected laboratory waterfowl [5], and also in poultry in
live bird markets [6]. In wild birds, the only convincing
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evidence of asymptomatic infection is from non-migra-
tory tree sparrows Passer montanus in Henan province,
China [7], but the genotype of this HPAI H5N1 was differ-
ent from that responsible for outbreaks in poultry and
some wild birds in Asia, and now into Europe and Africa.
At present the evidence for asymptomatic infection in
wild migratory birds is based on only two scientific
papers, both of which have weaknesses in the ornitholog-
ical data supplied. The aim of this paper is to demonstrate
why both these studies failed to demonstrate conclusively
asymptomatic infection in wild migratory birds and to
highlight the data requirements to assess whether healthy
wild birds can carry the virus and spread it over long dis-
tances along migration routes.
Discussion
Chen et al. [8] recently reported the isolation of HPAI
H5N1 viruses from six apparently healthy wild migratory
birds at Poyang Lake, Jiangxi province, China, in January
and March 2005 and concluded that their finding indi-
cated that wild birds are able to disseminate the virus over
long distances. Similarly, Lvov et al. [9] reported finding
HPAI H5N1 in clinically healthy wild ducks (mallards
Anas platyrhynchus and pochard Aythya ferina) and in
another water bird, great-crested grebe Podiceps cristatus, at
Lake Chany, Novosibirsk, Russia, during an outbreak in
poultry. They used this evidence to support their claim
that poultry had become infected with the virus as a result
of its circulation in wild birds. However, poor methodo-
logical description of the field sampling of wild birds, or
poor methodology, in both of these papers cast doubt on
the interpretation that these wild birds were carrying the
virus asymptomatically. There are two areas of concern:
failure to accurately identify the species of wild duck from
which isolates were obtained, and failure to report how
wild birds were procured for sampling. Our aim here is to
highlight these difficulties in presentation or in data col-
lection in the hope of avoiding these problems in future
avian influenza surveillance efforts.
Specific identity of birds sampled
While Lvov et al. [9] identified their sampled birds to spe-
cies, Chen et al. [8] only identified the birds from which
they isolated two genotypes of HPAI H5N1, as "migratory
ducks". The authors state that three species of "migratory
duck" were sampled at the lake – mallard Anas platyrhyn-
chos, falcated teal Anas falcata and spot-billed duck Anas
poecilorhyncha. Of these, falcated teal are migratory, but
while most mallard in this part of China are considered to
be migratory, some are believed to breed at Poyang Lake
(Mark Barter in litt.). Spot-billed ducks, which breed over
most of China [10], including at Poyang [11], are the
commonest breeding duck at the lake (Li Fengshan, pers.
comm.). Many spot-billed ducks at Poyang Lake in winter
are thus likely to be non-migratory, but morphologically
indistinguishable from those that do migrate. Addition-
ally, local villagers release many domestic ducks on to the
lake and its margins and these may share habitats with
wild ducks (J. Burnham, pers. comm.). Most domestic
ducks are descended from mallards and many domestic
forms resemble their progenitors. Without careful identi-
fication there is thus a risk that domestic ducks might have
been sampled.
Unless the precise identity of captured birds from which
samples have been taken is known, categorisation into
migratory and non-migratory, or even wild, is not possi-
ble. Poor identification of wild birds appears common-
place in reports of H5N1. For example, disease outbreak
reports from the World Organisation for Animal Health
[12] frequently refer to "wild bird", "wild duck",
"pigeon", "gull" etc. Such imprecise identification limits
our understanding of the possible role of wild birds in
H5N1 epidemiology and thus represents a waste of poten-
tially valuable information. Moreover identifying the spe-
cies that are capable of carrying H5N1 asymptomatically
is important so that H5N1 mitigation/response efforts can
focus on reducing contact between poultry and these key
species.
Capture methods for wild birds
Neither Lvov et al. [9] nor Chen et al [8] described how
the birds that they sampled were caught. Catch method
should be described because the methods used may select
for individuals of differing health status. For example,
catching birds using bait can bias samples toward hungry
or young individuals with reduced body condition, or
birds that are sick. Birds that have been caught using hand
nets must be highly tolerant of man, and thus possibly
domesticated or sick. Hunting with shot guns restricts
sampling to birds that are within close range, again raising
the possibility of selecting for individuals more tolerant of
man or less able to escape. Hunting with rifles can target
birds at a greater distance, but the requirement for greater
precision when aiming may select for less active individu-
als, which again could be sick. Most sampling methods
have inherent biases in the individuals that are most likely
to be caught [13] and therefore the method of sample
acquisition should be described and the possible effects
on health status of sampled individuals discussed.
Furthermore, although both the Lvov and Chen studies
described the birds as clinically healthy, the basis of this
conclusion was not given. They did not give the sex or age
of the birds, their body masses, stage of moult, plumage
condition or other indicators of body condition, leaving
doubt as to their health status.Virology Journal 2006, 3:96 http://www.virologyj.com/content/3/1/96
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Asymptomatic infection in migrating birds
In addition to following the above guidelines and success-
fully demonstrating that a healthy individual of a migratory
species carried H5N1, in order to show that wild birds can
play a major role in the global spread of the disease, pos-
itive test results should be obtained during the migration
seasons.
The birds at Poyang Lake were captured in mid and late
winter, while those at Lake Chany were obtained in July,
towards the end of the annual moult when ducks and
grebes shed their primary feathers simultaneously and
become temporarily flightless. Importantly, neither group
of birds was sampled at the time of seasonal migration.
Even if birds may be able to carry H5N1 asymptomatically
during the winter or moulting season this does not neces-
sarily imply that birds may be able to carry H5N1 during
migration. Long-distance migration imposes energetic
and physiological stress, which has been shown in waders
to reduce immunocompetence [14]. Similar studies have
yet to be undertaken in migrating ducks, which often
undertake shorter flights between resting areas than wad-
ers [15,16]. However, ducks have a much higher wing-
loading than waders [17], and thus their shorter flights
may nevertheless incur high flight costs and impose sig-
nificant stresses.
The evidence from most wild bird outbreaks to date,
which have involved dead or dying birds, suggests that the
virus remains highly lethal to them and if the immune sys-
tems of migrating ducks are impaired, their ability to carry
a virulent pathogen over long distances may well be com-
promised. The largest well-documented HPAI H5N1 wild
bird outbreak occurred at Lake Qinghai in 2005 [3], sev-
eral weeks after migratory birds arrived at the lake,
strongly suggesting that the virus was acquired at the des-
tination [18], rather than carrying it during migration.
The incursion of the virus into Europe in spring 2006
affected birds, especially mute swans Cygnus olor, appar-
ently during dispersal away from freezing conditions in
the Black/Caspian sea areas, but not on long-distance sea-
sonal migration. The mechanism of virus transmission
during this event remains unknown, but could have
involved infected birds travelling short distances before
death, or as yet unknown asymptomatic carriers. Better
quality data collection on the European wild bird out-
breaks may have helped to assess the possibility of asymp-
tomatic carriage by some birds, identify the mechanism of
transmission and contribute to appropriate mitigation
strategies.
In conclusion, the two papers discussed here [8,9] lack
details that provide convincing evidence that the birds
they sampled were carrying HPAI H5N1 asymptomati-
cally and thus that they could have spread the virus during
long-distance migration. Without clear information on
the identity of the species sampled, the methods used to
catch birds, or methods used to assess health in birds, evi-
dence for asymptomatic transmission of HPAI H5N1
viruses in wild birds will remain circumstantial. There is a
clear need for more and better data on the potential for
some wild birds to carry the virus asymptomatically, espe-
cially on migration, and in captive wild species subjected
to the kinds of stresses that they would experience during
migration. These types of studies will provide a more
definitive assessment of the extent to which wild birds are
capable of transmitting HPAI H5N1 along migration
routes, and thus provide information valuable for the
construction of risk analyses and the development and
location of appropriate biosecurity measures.
Summary
Two research papers have claimed to have isolated HPAI
H5N1 from apparently healthy wild birds, implicating
them as agents in the spread of the virus over long dis-
tances on migration. We highlight weaknesses in the
description of the methodology, or in the methodology
itself, of sampling wild birds which cast doubt on the
asymptomatic carriage of the virus by healthy birds. Ways
in which the collection of samples of wild birds can be
improved in studies of asymptomatic carriage of HPAI
H5N1 are given.
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